Background: Cognitive performance benefits from the Advanced Cognitive Training for Independent and Vital Elderly (ACTIVE) study may differ for individuals who exhibit a greater number of depressive symptoms.
Introduction
Normal aging is associated with decline in a number of cognitive ability domains including memory, abstract reasoning, and processing speed (Hedden & Gabrieli, 2004) . Memory in particular is vulnerable to aging. Both healthy aging and pathologic aging are associated with decline in some but not all aspects of memory. For instance, episodic and working memory abilities may show steep declines with age, whereas semantic and other memory abilities can remain relatively unimpaired (Craik, 2008) . Differences suggest that memory ability is not a singular cognitive phenomenon but a group of interrelated diverse processes. Likewise, memory ability is related with and dependent on other cognitive abilities such as attention and executive functions which are vulnerable to decline in late life (Craik, 2008) .
In addition, cognitive impairments in older adults-including memory deficits-are associated with elevated levels of depressive symptoms as seen in major depressive disorders. Numerous studies have demonstrated that major depression and elevated depressive symptoms are risk factors for dementia, cognitive decline, and specifically memory loss, but the mechanisms driving this association are unclear (Burt, Zembar, & Niederehe, 1995; Jorm, 2000 Jorm, , 2001 . Depression may be a reaction to early signs of cognitive decline, a prodrome of dementia, a causal factor in the progression and onset of cognitive decline, or a factor influencing the diagnosis of cognitive decline Lohman et al.
211S (Gabryelewicz et al., 2007; Jorm, 2000) . Furthermore, as it is thought that depressive symptoms most associated with risk of dementia might be "motivational symptoms" such as lack of interest, loss of energy, and concentration difficulties, the relationship between depression and cognitive decline may be reinforced by differential ability to access or learn compensatory cognitive strategies (Jorm, 2001) .
The proportion of older adults in the population is expected to grow significantly, and with this growth the prevalence of dementia and milder forms of cognitive impairment will also increase (Hebert, Scherr, Bienias, Bennett, & Evans, 2003) . This growth will create significant social and economic strain in terms of caregiving (Brookmeyer, Johnson, Ziegler-Graham, & Arrighi, 2007) as well as considerable impact on quality-of-life (Alexopoulos, 2005) . Interventions that can produce even modest delays in the onset of dementia can reduce the prevalence and thus the social burden of dementia.
Cognitive training is a nonpharmacologic intervention that is being studied as a means of altering cognitive and functional trajectories to improve qualityof-life for older adults. The Advanced Cognitive Training for Independent and Vital Elderly (ACTIVE) study randomized community-dwelling, older adults to receive training in one of three separate cognitive capacities (memory, reasoning, and processing speed), or to a control condition, to evaluate the effect of cognitive training on declines in these domains, and to delay or prevent associated functional deficits (Ball et al., 2002; Jobe et al., 2001) . Prior analyses from ACTIVE provide evidence for beneficial effects of cognitive training. ACTIVE participants trained in mnemonic strategies, reasoning, and processing speed performed better in those respective areas (Ball et al., 2002) , and those trained in reasoning showed significantly less difficulty in instrumental activities of daily living (IADL; Willis et al., 2006) .
Previous research suggests individuals respond in different ways to cognitive training within the ACTIVE memory training program, but these studies have focused on demographic and cognitive predictors of treatment response, showing for instance that memory-impaired individuals respond less to memory training (Langbaum, Rebok, Bandeen-Roche, & Carlson, 2009; Unverzagt et al., 2007) . Prior research has not investigated how elevated depressive symptoms might predict memory ability or responsiveness to training programs.
The current study had two main objectives: (a) to determine whether elevated depressive symptoms at baseline are associated with decreased memory ability and longitudinal memory trajectories, confirming prior studies; and (b) to ascertain whether elevated depressive symptoms influence responsiveness to memory training. The a priori hypotheses were that participants with elevated depressive symptoms have lower baseline memory scores and
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Journal of Aging and Health 25(8S) benefit less from memory training than those without elevated symptoms, suggesting a moderating effect of depression on training gains and memory scores over time. We expected to find that depressed participants overall would have lower baseline memory scores and steeper temporal declines, and that the memory differences between those with and without elevated symptoms of depression would be greater among memory-trained individuals than among controls.
Method

Design and Participants
The ACTIVE study is a randomized, controlled, single-blind trial of cognitive training among community-dwelling older adults (Ball et al., 2002; Jobe et al., 2001) . Detailed inclusion criteria and recruitment procedures for ACTIVE are described elsewhere (Jobe et al., 2001) . Briefly, the study population at baseline consisted of 2,802 participants aged 65 to 94 years (mean 73.6 years) selected from six university-based sites across the United States. As described previously, participants were recruited using different methods and from different sources for each ACTIVE study site (Jobe et al., 2001) . Participants were eligible for inclusion if they were at least 65 years old, had no serious cognitive deficits (characterized by a Mini-Mental Status Examination [MMSE; Folstein, Folstein, & McHugh, 1975 ] score below 23), and had no self-reported functional declines, and no medical conditions predictive of imminent functional or physical decline.
The present study used data from participants randomized to the memory training (n = 703) and no-contact control (n = 698) groups. Memory training consisted of ten 60-75 min instructor-led sessions offered over a 6-week period. Participants in the memory training group were taught mnemonic strategies, including categorization, visualization, association, and the method of loci to improve episodic memory. They received verbal feedback on their performance and practice tests of episodic memory ability at the end of each training session.
Measures
Memory variables at six time points were analyzed: baseline, immediate posttraining, and four follow-up assessment waves (1, 2, 3, and 5 years posttraining). Measures from two memory tests were considered: the Hopkins Verbal Learning Test (HVLT; Brandt, 1991) 
and the Rey Auditory Verbal
Lohman et al.
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Learning Test (AVLT; Rey, 1941) . The basic design and administration of both tests are similar: respondents are read lists of words from an audiotape with a 2 s pause between words, and in a modification for group administration, are then allowed 2 min to write down as many words as they could recall. This process was repeated across three (HVLT) or five (AVLT) recall trials. The HVLT and AVLT total recall scores were the sum of three recall trials and five recall trials, respectively. Recognition tasks are also similar between the HVLT and AVLT in that participants are asked to identify target words presented during the recall trials among distracting words. Recognition discrimination scores are the difference between the number of true positive recognitions (i.e., correctly identifying target words) and the number of false positive recognitions (i.e., incorrectly identifying distractor words). Both the HVLT and AVLT contain separate recall and recognition trials as well as alternate test forms, making them optimal for longitudinal research. Because alternate but nonequivalent forms were used at each time point, scores for each of these tests were adjusted using an equipercentile equating procedure (Kolen & Brennan, 1995) .
Self-reported depressive symptoms were measured using the 12-item version of the Center for Epidemiological Studies-Depression Scale (CES-D; Ross, Mirowsky, & Huber, 1983) . The CESD-12 asks respondents to rate levels of depressive symptoms on a four-level ordinal scale: rarely or none of the time, some of the time, much of the time, and most or all of the time. The distribution of CESD-12 total scores could range from 0 (no depressive symptoms) to 36 (most or all of the time for all items). The CESD-12 was designed to assess depressive symptomatology, and is not a substitute for clinical diagnosis of major depression. A baseline CES-D cutoff score of 9 or more points was used to indicate elevated depressive symptoms. We used this criterion based on prior studies that found it to be comparable to cutoff scores in longer versions of the CES-D which agreed well with interview assessment of depression (Beekman et al., 1995; Kohout, Berkman, Evans, & Cornoni-Huntley, 1993 ). Furthermore, as others have noted, a CESD-12 score of 9 represents approximately 26% of the maximum symptom score, similar to the better-validated criterion used in the longer, 20-item CES-D versions (Wolinsky et al., 2009 ).
Analysis
For analysis, 703 participants in the memory-trained group and 698 participants in the control group were categorized by level of depressive symptoms (CESD-12 score < 9 vs. ≥9) at baseline. Baseline demographic characteristics of the memory and control groups by depressive symptom status are
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Journal of Aging and Health 25(8S) shown in Table 1 . Participants who had elevated depressive symptoms were considered the "depressed" group in the study analysis although this categorization is not meant to indicate a clinical diagnosis of major depression.
To evaluate the hypothesis of a depression effect on memory scores, longitudinal random-effects regression models were fit to data from memorytrained and control groups accounting for correlations between memory scores measured on the same individuals over multiple time points (Laird & Ware, 1982) . Mixed-effects models use all available information from participants, not only those who completed all follow-up measurements. Estimates from mixed-effects models are robust to missing data assuming that missing data depends only on covariates included in the model, or that the likelihood of dropout depends only on past values of the outcome (Gibbons, Hedeker, & DuToit, 2010) . The outcomes of interest in each model were mean HVLT and AVLT recall and recognition discrimination scores. Along with main effects for time, depressive symptom score, and interactions between depressive symptom score and each time point, the model was adjusted for age (years), sex, race (White/non-White), education (years), and global cognition measured by the MMSE (Folstein et al., 1975) . Interaction terms between depression and time were used to determine whether cognitive outcomes differed as a function of depression and transition between measurement time points. Three-way interactions of measurement time, depressive symptom score, and treatment group were also fit in the model to assess whether the association between depressive symptoms and memory over time differed between memory training and control groups. All analyses were repeated separately by ACTIVE recruitment site.
Results
Approximately one quarter of memory-trained and control participants had CES-D scores greater than or equal to 9 at baseline, corresponding to moderate or severe levels of depressive symptoms (Table 1) . Compared with participants without elevated depressive symptoms, individuals with elevated symptoms were significantly older, less educated, and had lower MMSE scores in both the memory-trained and control groups. Overall, participants had an average of 4.4 memory measurements from the maximum of six. Those with elevated depressive symptoms at baseline were more likely to be lost to follow-up. For instance, approximately 30% of participants with elevated depressive symptoms at baseline were lost to follow-up by the first annual measurement compared with 22% of those without elevated symptoms. The difference in attrition between depressive symptom groups was 
Longitudinal Associations Between Depressive Symptoms and Recall Memory
Figure 1 displays mean HVLT and AVLT recall scores among memory-trained and control participants with (n = 146) and without (n = 557) elevated depressive symptoms over six visits. Regression coefficients from covariate-adjusted and unadjusted random-effects models are provided in Table 2 . Combining memory-trained and control participants, those with elevated depressive symptoms performed significantly lower on HVLT recall at the baseline visit, with a mean score 1.18 points (p < .001) lower than nondepressed participants when 
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Journal of Aging and Health 25(8S) adjusted for age, sex, race, education, and global cognition (Table 2 ). There were also significant main effects at certain measurement points on mean HVLT scores. At the immediate post-test measurement, the mean score coefficient was slightly positive (β= 0.35, p = .008), but there was a significant negative coefficient for the fifth annual assessment (β= -1.20, p <.001), suggesting that, compared with baseline, overall scores increased just after training and then declined at later measurements. For the HVLT recall score, only the interaction from the third annual measurement time was significant (β= -1.11, p = .007; Table 2 ), suggesting lower memory in the elevated depressive symptoms group compared with nondepressed participants at this time point. Differences in HVLT sum of recall between depression categories were also significant when considering memory-trained and control groups separately (Figure 1 ). For AVLT sum of recall scores, the effect of elevated depressive symptoms was similar to HVLT. The baseline deficit of recall scores for those with elevated depressive symptoms was evident among both memory-trained and control participants (Figure 1 ). Combining participants from both training conditions, those with elevated depressive symptoms had a mean score 2.37 points below participants without elevated symptoms (p = .001) when adjusted for covariates. Furthermore, there were significant main effects for all but the third assessment time, indicating a trend of increasing scores immediately after training followed by decreasing mean scores at annual assessments, also similar to HVLT. Coefficient estimates of interactions between depressive symptom level and measurement time were significant at the first annual (β = -1.69, p = .004) and fifth annual (β = -1.65, p = .036) follow-up times, indicating that mean memory scores for participants with elevated depressive symptoms decreased more relative to baseline at these times than scores for participants without elevated symptoms. Interaction terms at the second and third annual measurement times were also marginally significant (β = -1.21, p = .055 and β = -1.21, p =.081, respectively), suggesting a trend of lower recall sum scores over time in the group with elevated depressive symptoms. As with the HVLT recall sum totals, each interaction term was negative, implying steeper declines in memory scores over time among individuals with elevated depressive symptoms.
Although comparisons of mean trajectories by training and depressive symptom group in Figure 1 indicate that the relationship between recall memory and depression differs between training conditions, three-way interaction terms between depression category, measurement time, and training group were not statistically significant and so do not confirm this inference (Table 4) . 
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Longitudinal Associations Between Depressive Symptoms and Recognition Memory
Results of the longitudinal regression of recognition discrimination scores from the HVLT are shown in Figure 2 . Coefficient estimates from adjusted and unadjusted models are provided in Table 3 . Combined across both memory-trained and control group participants, there were significant differences between depression categories in HVLT recognition discrimination memory. At baseline, those with elevated depressive symptoms scored 0.18 points (β = 0.18, p = .039) below those without elevated symptoms. The fifth annual time by depressive level interaction term was significant (β= -0.39,p = .020); and marginally significant at the first (β = -0.22, p = .069) and third (β = -0.23, p = .095) annual assessments. Similar to recall memory scores, interaction terms between time and depressive status for HVLT discrimination were consistently negative, indicating steeper declines in discrimination scores among those with elevated depressive symptoms. Model results using AVLT recognition discrimination memory scores were different than those using the HVLT. Combining memory-trained and control groups, participants with elevated depressive symptoms scored significantly 
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lower at baseline than nondepressed participants, 1.19 points (p < .001) lower on average. Unlike results from the HVLT, interaction terms for depression and measurement time were not consistent in their effect direction at all time points (Table 3) .
Interactions between depressive symptom level, measurement time indicators, and training group were not significant for HVLT recognition memory scores; however, there was a trend in the negative direction for all measurement point coefficients in the adjusted model (Table 4) , indicating faster decline in mean discrimination among participants in the memory training group with higher depressive symptom scores, relative to those with lower depressive symptom scores. With regard to AVLT discrimination scores, two interaction terms corresponding with the first annual (β = -2.07, p = .003) and fifth annual (β = -1.58, p = .052) measurements were significant or marginally significant. The significant terms indicate that at these time points relative to baseline, the negative difference between those with elevated symptoms of depression and those without was greater among the memory-trained participants than among the control participants. 
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To assess the potential influence of different recruitment procedures among ACTIVE study sites, all analyses were repeated separately by site. Compared with overall results, there were no substantial differences in the direction and magnitude of associations between depressive symptoms and memory over time.
Discussion
The present study investigated the effect of depressive symptoms on memory and memory training in independently living older adults. We found that baseline verbal recall memory was significantly lower among individuals with clinically significant depressive symptoms (CES-D ≥ 9), after adjustment for demographic characteristics. The magnitude of this association was similar for AVLT and HVLT sum of recall measures. Furthermore, the differences between depressive symptom groups appeared to increase over time, as individuals with elevated depressive symptoms scored significantly lower at certain annual measurements relative to baseline than those without elevated depressive symptoms. However, despite a clear association between depressive symptoms and recall memory, we found that depressive symptoms were not significantly associated with the effect of memory training. In other words, both those with and without elevated depressive symptoms appear to benefit to the same extent from memory training.
A notable conclusion from these data regards the longitudinal relationship between memory, memory training, and depression. Interaction terms between these characteristics inform whether training results differ between depression categories. Interaction coefficients between depression, training (memory training vs. control), and time for both AVLT and HVLT recall sum scores were not statistically significant. This means that differences in recall between those with and without elevated depressive symptoms in the memory-trained group did not differ relative to the same differences between depressive symptom categorizations in the control group at any study visit. In addition to memory, depression is associated with deficits in attention, processing speed, and executive control processes which are also important in learning new things, especially among older adults (Castaneda, Tuulio-Henriksson, Marttunen, Suvisaari, & Lonnqvist, 2008; Reppermund, Ising, Lucae, & Zihl, 2009 ). So, if depressive symptoms at baseline prevented participants from learning memory strategies as a result of inattentiveness, processing, or some other mechanism, the memory score difference between those with and without elevated depressive symptoms would likely be greater among memory-trained than control individuals after training. Instead, participants from the present study Lohman et al.
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with elevated depressive symptoms benefited to similar extents from memory training, implying that the depressive symptoms do not attenuate the effect of training. In light of these findings, it is evident that cognitive training benefits are not differential with respect to depressive category at the time of training, and can thus be an important preventative measure regardless of depressive symptomology. In fact, given the association of elevated depressive symptoms with decreased recall memory, cognitive training might be especially important for those with elevated depressive symptoms or depression.
The overall deficit in recall memory among individuals with elevated depressive symptoms found in this study is also consistent with previous research showing impaired recall among older adults with clinical depression (Burt et al., 1995) . Furthermore, our results suggest that elevated depressive symptoms are associated with a higher rate of memory loss and perhaps a more general process of underlying decline as has been suggested by other studies (Gabryelewicz et al., 2007; Jorm, 2000; Reppermund et al., 2009) . Memory deficits at baseline might therefore reflect declines that occurred in depressed participants prior to the ACTIVE study; however, the current data demonstrate that decline in memory scores cannot be explained entirely by effects prior to training, because recall scores among participants with elevated depressive symptoms continued to decline more during the study period relative to those without elevated symptoms.
From a theoretical standpoint, results are not consistent with the hypothesis of a differential effect of depression on recall and recognition memory. HVLT and AVLT recognition discrimination was significantly lower among depressed participants, indicating the association between depressive symptoms and memory deficits is not unique to recall memory as hypothesized. One explanation for these results is that scores from the HVLT and AVLT are not calibrated to detect differences between recall and recognition memory. The HVLT, designed to be a relatively brief instrument to administer, could be limited in range of response (Benedict, Schretlen, Groninger, & Brandt, 1999; Gross, Rebok, Unverzagt, Willis, & Brandt, 2011a , 2011b . For instance, 33% of participants from ACTIVE, a cognitively healthy sample, scored perfectly on the HVLT recognition discrimination task at baseline. Alternatively, the AVLT has a larger range and might therefore be more sensitive to memory differences between depression categories. To our knowledge, this hypothesis has not been empirically tested and is speculative; however, qualitative features suggest the AVLT is more difficult than the HVLT because it contains a longer list of words and more trials (Brandt, 1991; Rey, 1941) .
Our findings have several important implications for research and theory of cognitive training. First, depression appears to attenuate participants'
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Journal of Aging and Health 25(8S) performance on recall memory tasks. Because verbal memory tests like the HVLT can predict changes in everyday functional status (Gross et al., 2011a (Gross et al., , 2011b and dementia (Hogervorst et al., 2002) , and because screening tools for global cognition incorporate recall memory tasks (Folstein et al., 1975) depression is an important consideration for a dementia diagnosis. This problem, in which the cognitive deficits of dementia are imitated by depressive states, has been previously described (Alexopoulos, 2003; Solfrizzi, Nard, Panza, Mastroianni, & Capurso, 1996) . By not accounting for the association of depression and memory, projections of cognitive decline can be misleading. That is, some cognitive deficits are likely attributable in part to depression, a treatable condition. Because, the underlying condition and not the symptoms deserves focus in terms of theory and treatment, continued effort should be taken to help distinguish cognitive deficits based on etiology. The effect of depression on baseline memory is consistent across multiple memory tests and types of memory tasks, underscoring the importance of this concern.
The present study's findings suggest that memory training attenuates memory decline but that depressive symptoms do not moderate this relationship. Thus, it appears that memory training is beneficial despite depressive symptoms, but other mechanisms that explain these results are possible. For instance, the recall improvement may be the result of more general benefits of social enrichment provided by cognitive training. Other intervention studies propose that social home visit and activity programs improve mood and quality-of-life among older adults (Kerse et al., 2010) . An improvement of mood may in turn lead to improvements in cognitive testing results. However, previous studies of depressive symptoms in ACTIVE found no effect of cognitive training on recovery from depressive symptoms (Wolinsky et al., 2009) , and the present study detected no differences among depression symptom categories between training groups. Other cognitive processes vulnerable to both depression and aging cannot be excluded as potential mediators and include executive functions (Alexopoulos, 2005) , motor activity, attention/ effort (Backman, Nyberg, Lindenberger, Li, & Farde, 2006; Cohen, Weingartner, Smallberg, Pickar, & Murphy, 1982) , motivation (Austin, Mitchell, & Goodwin, 2001) , or the biological/genetic factors that might underlie these cognitive and psychiatric constructs (McEwen, 2000; Salat et al., 2004; Terry, Buccafusco, & Wilson, 2008) .
This study has noteworthy strengths. The ACTIVE cohort is a large sample of older adults randomized to cognitive training groups, allowing suitable size for analysis and control of confounding at baseline. The use of longitudinal data Lohman et al.
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analysis methods allows for the appropriate consideration of variation within and between individuals over time. Potential limitations include poor generalizability, attrition bias, and method of depressive symptom measurement. Though the generalizability of results from the ACTIVE study are limited by selection of healthier, older adult volunteers, longitudinal relationships of memory scores and depressive symptoms did not differ by study site, indicating that bias from differential recruitment procedures and volunteerism was minimal. A prior study of ACTIVE data also found that loss to follow-up did not differ substantially by training condition, but was more likely among those who were older, male, had less education, and had lower cognitive scores at baseline (Willis et al., 2006) . The same study found that multiple imputation of missing data did not influence estimates of training effects on cognitive measures. In the current study, attrition was more likely among those with elevated depressive symptoms; however, because attrition was also more likely among those with lower baseline cognitive test scores (Willis et al., 2006) , this loss would likely bias our findings toward the null. An additional potential limitation to this analysis is that only baseline CES-D scores were used to measure depression because it is unsafe to assume that depression ratings do not change over time (Beekman, Copeland, & Prince, 1999; Hybels & Blazer, 2003) . Levels of depression may even change as a function of the socializing effects of memory training. Associating recovery of depression with concurrent changes in memory would strengthen the temporal evidence of a possible causal relationship between depression and memory decline. Last, because major depression is relatively rare in elderly populations (Beekman et al., 1999; Hybels & Blazer, 2003) , the CES-D better reflects moderate to severe symptom levels, rather than clinical diagnosis. Misclassification of depressive categories from use of the CES-D may dilute differences in memory scores between training groups.
The personal and social impact of cognitive and functional decline among older adults is destructive and pervasive, so it is imperative to properly inform methods such as cognitive training that can prevent such decline. Evidence presented in this study indicates that elevated depressive symptoms are associated with memory deficits in old age and precede memory decline over time. The nature of this decline indicates that depression and memory ability may be linked through cumulative biological stresses or other unknown processes of general mental decline. Therefore, research on the efficacy and development of cognitive intervention programs must account for these and other concepts to more accurately describe the interrelation of cognitive mechanisms and more effectively prevent decline. Further elucidation of the factors involved in cognitive decline will lead to better methods to improve cognitive profiles of aging.
